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The NCEM Phase Extension Menu

Calculate FT & P%

Calculate phase image(s)...
Find local average g-vector
Add constant phase...
Create Moiré image...
Displacement/Strain 2

Unwrap Phase{xy)...
LUnwrap Phase{yx)...

Preferences...

Help...

The package installs by placing the routines in the “Packages” folder that
resides in the same location as the Digital Micrograph application. Once
the program is started a new menu shows up in the menubar. The items in
the menu are shown above and some of the menuitems point to sub-menus.
The general operation of the various routines are described in the following
sections.

Calculate FT & PS....

This is the beginning step of the procedure. You first need to calculate the
Fourier TransformKT) and the Power SpectrufAQ of the image that you
want to analyze. The Fourier Transform of the image is hidden and all the
actual operations take place on Fleimage. The”Sis calculated using a
Hanning window and is used for placing the selection which marks which
vectorg to use for calculating the corresponding phase/amplitude images.
The only reason for doing this is that ff8image often shows better con-
trast than th&T and makes it easier to place the selection.

Many of the routines will be illustrated using an example of a HRTEM
image of a dislocation in Germanium.

The images below show the HRTEM image (left) and the Power spectrum
after invoking the “Calculate FT & PS...” command.
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Calculate FT & PS....
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Note:
1) The image must be square and the dimensions must be powers of 2.

Alternatively, a selection satisfying the criteria above must exist for
the image to be analyzed.

2) TheFT of the image is hidden and thus you may forget to delete it
when starting the whole procedure over again for another image. If
that is the case, the program complains that the FFT does not exist
when it tries to create a phase image. This happens because you have
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Create Phase
Image

Create Phase Image

two images now called FFT and you will need to delete one of them
(hopefully the right one).

3) You only need to do this first step once for each image you want to
work on. You do not need to repeat this step when you want to work
with another reflection. Just move the selection orPti® the
appropriate reflection.

4) In general if you get the message “Such and such image does not
exist”, it will be either because you have two images of the same
name, which happens if you use two reflections in succession and do
not rename the first as “Phase Image 1" by using the menu-command
Use as phase image #1 under displacement/strain or that you used the
image as phase image 1/2 and then used an operation that still
expected the phase image to be called “Phase Image”.

Create Phase Image

This routine calculates the geometric phase and other images associated
with the chosen reflection.

The calculation performed is the inverse Fourier transform of the masked
Fourier transform of the original image. The mask in question is a mask of
the type defined below and centered on the reciprocal spatial frequency

F™*(Masked F(Image)) O A(r)exp{27[@ + a0} r]}
A(r)exp{2ri[g [ + g Cau(r)]}
giving rise to an
amplitude image A()
and a
phase image P} = -2rg.ou(r)

The term 2g.r has been subtracted from the phase, which is equivalent to
moving the origin to the position of the reflectign

du(r) is the displacement field with respect to the lattice planes defined by
the frequency.

For calculating the local value of everywhere, this is done as:
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Create Phase Image

g(r)=-0lor Pt)+g

Usage:

1) A selection using the selection tool must first be made around a vec-
tor g to use for determining the phase.

[0 =—---——————— B:Power Spectruim=—-———F1H

2) Invoke the menu command Calculate Phase Image(s)...
3) Adialog will give you the options available or creating the phase

image.
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Create Phase Image

Options:

Mask
The following choices to the type of mask can be made
- A sharp circular mask,
M=1,r<=R,M=0,r>R

- A soft circular mask, using a Gaussian edge
with a halfwidth of 1/5 of the radius
M=1, r < 0.8R;
M = exp{- (r-0.8R¥/sigma}
for r >=0.8R, sigma = 0.2R

- A Gaussian mask, expftsigm&)

Output
. Keep the geometric phase image(default). Normally this is what you
want.

. Calculate and display the loggivector.

. This calculates two images containing the x and y components of
g(r) at each point in the image.

. Keep and display the amplitude image.

. Keep and display the masked@ from which the amplitude and
phase images are calculated.

The resulting phase image is calculated by subtracting out the term
Py = 2mgq Lf

where g is given by the value returned from finding the position for the
peak intensity in the power spectrum.
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Create Phase Image

The resulting images are by default named Phase Image & Amplitude
Image

O=————————HPhase Image=———— N B

Note:

1) After the phase image is calculated the next operation is to refine the
localg vector. This is performed by selecting an area in the phase
image over which the lattice spacing are considered constant and
invoking the menu-command Find local avergeeector. This
implies that the spacings found this way becomes a reference to
which subsequent calculations are related.

2) Before calculating a phase image for another non-colinear frequency
g, for use in calculating local lattice spacings or displacements/strain,
one should use the option “Use as Phase Image #1” for settigg the
used in this calculation @, which automatically renames the image
“Phase Image” to “Phase Image 1”.

The NCEM Phase Extensions to Digital Micrograph 7



Refine local g-
vector

Refine local g-vector

3) After having set the first phase image to “Phase Image 1", the next
step would be to move the selection onRi&to another reflection
and using the command “Calculate Phase Image(s)” over again, refin-
ing the local vector for the same area and then setting the image as
“Phase Image 2" before calculating displacements or strain.

For the second phase image one would then choose “Use as Phase image
#2".

Refine local g-vector

Background

In order to calculate displacements or strain one needs a reference lattice.
The vectomg that is found when creating the phase image in the previous
command is the one with the highest amplitude and is not necessarily the
one that one would like to choose for the reference lattice. In order to fur-
ther refine the vect@ one chooses an area with the selection tool that is

the area that is to become the reference area from which to calculate an
average lattice-spacing. In order to define a reference lattice one needs two
vectorsg, andg, which both will need to be refined with respect to the
same area.

Usage:

Mark an area with the selection tool where you want to find the avgrage
vector.

Run the command “Find local average g-vector”. The command will deter-
mine if there is a residual ramp&y.r within the selected area that should
be subtracted out. The correctigmis added to the vectgrthat was found
during “Calculate phase image(s)”. The routine can be used iteratively to
refine the vectog, by using successively larger selections if the first selec-
tion needs to be small because of phase-jumps.
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Refine local g-vector

The images below show the original phase image with a selection marking

=—————————————— H:;Phase Image

=———HH

=—————— H:Phase Image="———————

the area which will be used to find the average local g-vector. To the right,
is displayed the result of the operation.

Note :

As mentioned above, two vectas andg, are used for defining a refer-

ence lattice. Thus normally this command is used for each \g&tom

which a phase image is calculated before the phase image is referred to as
phase image #1,2.
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Add Phase

Add Phase Add Phase

This routine adds a constant phase to the image “Phase Image”. Under nor-
mal operation this command is not used. It can be used to remove disconti-
nuities associated with wrap around effects as the phase crosses 2

Create Moiré Create Moiré

Usage:

Use this routine to create a Moiré image calculated from the image “Phase
Image” It is equivalent to moving the origin for the reciprocal space inverse
FFT to the pointg|/M along the line from the origin to the spatial fre-
qguency g. Mathematically, the Moiré image becomes

P() = 2rg.r /M -21g.ou(r) where M is the magnification chosen in the
dialog box.

== IMiire Imafe ===——————
Enber moire ssageilic altsss fardnr

|-

M -> oo gives the geometric phase image calculated in the “Calculate phase
image(s)” command.

The NCEM Phase Extensions to Digital Micrograph 10



Displacement /

Strain

Use As Phase
Image # 1

Use As Phase
Image # 2

Displacement / Strain

Displacement / Strain

Displacement/strain 3 Lise As Phase Image #1
Unwrap Phase{xy)... Lisg As Phas_e Image #2
Unwrap Phase(yx)... Calculate Dlsp_lacements...
Calculate Strain...
Preferences... Calculate Local Lattice...

Use As Phase Image # 1

This command takes tlgevector associated with the image “Phase Image”
and stores the values as the componentsdyy) of the vectog. It

defines a set of reference planes for further analysis. It also renames the
image “Phase Image” to “Phase Image 1". Use this command before you
change the selection on the Power Spectrum to refer to g-newator.

Use As Phase Image # 2

This command takes tlgevector associated with the image “Phase Image”
and stores the values as the componenisxg) of the vectog,. It

defines a set of reference planes for further analysis. It also renames the
image “Phase Image” to “Phase Image 2”. Use this command after you
have defined “Phase Image 1" agyl(914,91y)-

The two vectorg 1(d;5,91y) andgy(9ox.9py) define a reference lattice (unit
cell) for further analysis.
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Use As Phase Image # 2

The left image below shows the power spectrum with the reflection to be

[0 =———--——————— B:Power Spectnin="——"————F1H

I1:Phase Image

used as g-vector 2 and the right image shows the corresponding phase
image after refining for the local lattice vector over the region shown in the
selection.
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Calculate Displacements

Calculate Calculate Displacements
Displacements

Executing this command produces two images ux and uy which are the
local x,y displacements with respect to the lattice definegh I& g..

The command requires that the two images “Phase Image 1” and “Phase
Image 2” exist together with the associated valuegf@ndg,.

[0 =-————— H:Phase Image 1 HE

I:Phase Image 2
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Calculate Displacements

Invoking the command brings up the following dialog box.

Calculafe displarements inunits af
W Pecture cosrdinate s iy |

¥ LalBice paramefers {akh)
Feliller irsiar ey |

me [1_] te [0
m ] " el |

ak:
E

| tamiel | | == |

producing the following output as the result of the operation.

=)=

At ux

14
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Calculate Displacements

Prerequisite:

Both g, andg, including the associated images “Phase Image 1” & “Phase
Image 2” must exist prior to executing this command.

Note:

Digital Micrograph currently has no capability of displaying the displace-
ments as a vector plot. At the NCEM the X/Y-Displacements are saved as
“Data Only” files and the program “Spyglass Transform” is used to read
the data back in to display the displacements pictorially.

1 @ 71[:W Edit Object Process Analyze Particles Window Custom NCEMPackage Phase He

New:... N E—————Aam—————HI

open... >
\ Import Data...
1 New Script... %K
i Close £
Ld I ] Save S
Save As... »

4{-.|+ Save Numbered ®Y

= 0 g Gatan 2.3 Format
o
i Global Info.. eI (e
= [) 0 0
511 2 S Gatan EL/P Format
Print... P Gatan Fixed Format
= -
Install Script... GIF Format
Install Plug-in... JPEG/IFIF Format
Remove Plug=in... PCX Format
B PICT Format
quit #0 Text Format
TIFF Format

==  Display Control

s e
Erightness: 0.50

—
Contrast: 0.50
= Image Status

The files that are produced are binary files of type real 4 with the dimen-
sions given by the size of the original image.

The following section demonstrates how the program Spyglass Transform
may be used to display the data for the displacements.

The user is free to represent the displacements in any form he/she chooses.

The first step is to open the files from within Spyglass Transform and fill in
the required data so that the program knows how to interpret the file.
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Calculate Displacements

Transform 3.02 PPC - Open Input File Format
¥4 File Edit View Folders Documents Finder
Select the format of the file:
Select File:
x-displacements
@ DisloGe f | % o
— Text Matrix
Hime l el [Etange @ Binary Matrix
mx-displacements 1 MB =]
B #Disatsites 1 MB (2 Text Columns
&l ¥~ bisplacement 1 ME ¢ Binary Matrix File: y-displacements
B v- bisplacement Et 1 MB —— q
mY—Displacement(IDDH 103 1 MB _ { Numbertype |[IEEE Float (32-Bit)7|
mY—Displacement(l 10/-110) 1 MBS
. - : |
my—dlsplacements 1 MB [ 30 matrix
L _aEF PR 4 pap | ™
17 itemns | 4 [T0] 4 O swap bytes
Show [All Available v skpbytes [0 |

Rows (¥) |512
Columns {X) |512

[ viewFile.. | (cancer ] [ ok_J|

Below is shown a vector plot using the x-displacements as the length of the
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x-component of the vector and the y-displacement as the y-component of
the vector.
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Calculate Displacements

The data can also be shown as a surface plot depicting the magnitude of the
displacement.

00 q

Alternatively the magnitude of the displacement can be shown as a contour
map as illustrated below.

125

250

375

&00
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Calculate Displacements

Calculate Calculate Strain
Strain

This command calculates the strain with respect to the reference lattice
defined byg, & g».

Prerequisite:

The two phase images “Phase Image 1” and “Phase Image 2” must have
been calculated.

-------- Calculate and show the following images -
] Deformation Matrix D, {a'b") = D{a,b)
L] Symmetric Strain Matrix E {exo,exy.eyy)
] Rotation angle i (R = cosBh,sinB,~sink,cosi)

[+ Principal strain components el,e2

| Cancel I oK I

Results:

Depending on the requested output, the result will be one or more of the
following

a) the Deformation Matrix

b) the Symmetric Strain Matrix

c) the Rotation Angle

d) the Principal Strain Components

The images on the next page illustrate the output produced by choosing to
calculate and display the principal strain componentsd g. Four

images are produced, the x and y components afe the x and y compo-
nents of e.
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Calculate Displacements

Qel-x BB
"
=52 x=———————HH
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Calculate Displacements

Procedure:
The program first calculates the deformation matrix

D = [eXX exﬂ
eyX eyy
which relates the positions of a pointx',y") to its unstrained locatian

(x,y) through the relationship
r'=(1+Dy =

The matrix S is then decomposed into a symmetric matrix S' and a rotation

matrix W
S - {1+e’xX €y }
e‘yx 1+ e‘yy
and
W = | COd sind
—sind cosd
with
cosd= 1

: 1
sind=9d= é(exy— €yx)

Thus we have the symmetric strain matrix

e: - [elxx éxy]
€yx Cyy
which is calculated and the three components are shown as images.

The strain can also be represented as two principal strain components along
the principal strain directions. The two components are represented as the
two vectorse; ande,. These are also calculated and the imagge;¢ and

ey and gy are displayed. These are the x,y components of the two princi-
pal strain vectors respectively.
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Calculate Displacements

Contour map of the magnitude of one of the principal strain components.
I:I N T T T T e T TS ™

125 | BN

250 —

row

378 1 E

] 125 250 376 500
Pseudo colored image of the magnitude of a principal strain component.
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Calculate Local
Lattice

Calculate Displacements

Calculate Local Lattice

This command is used to calculate the local lattice parameters a and b at
different points in the image. It uses the local valueg fandg, at each
point together with the Miller indices of the two reflections to refer to a lat-
tice given by the vectois andb. Not that the y-coordinate can either refer
to picture coordinates (0,0 top left) or a normal coordinate system (x,y)

depending on what is set under Preferences.

--------------- Calculate local lattice parameters oo

This calculates the lattice parameters a and b
(x,¥ coordinates) at every position in the
image. The vectors a and b are given by the
miller indices of g1 and g2

Miller indices of the reciprocal vectors :

gl:

e i ] o M [0 ]
[0 ] o]

k: k:

Cancel I 0K I

Prerequisite:

Both vectorgy, andg, together with the respective phase images Phase

Image 1 and Phase Image 2 must have been set.

Example

The images shown on the next page illustrate the use of the routine on a
HRTEM image of a quantum well in In(Ga)N. Left image is the HRTEM
image and the right image shows the power spectrum and one of the reflec-
tions used for calculating the lattice. The third image at the bottom is a sur-
face plot of the a-lattice parameter as a function of position in the image.
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B: Power Spectrum

Calculate Displacements

A: Quantumwell
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Unwrap Phase
(x.y)

Unwrap Phase
(V:X)

Preferences

Calculate Displacements

Unwrap Phase (x,y)

The command “Unwrap Phase(x,y)” will try to unwrap the phase in the
image “Phase Image”.

The user is prompted for a starting position which is assigned the phase at
that point. The routine then moves first along each row, trying to preserve
continuity in the phase value. Instead of making a jump fradrio -r=+0,

the phase will take on the valoeod and continue to increase or decrease
when crossing phase jumps.

This command first does the rows and then the columns of the image.

Unwrap Phase (y,X)

The command “Unwrap Phase(y,x)” will try to unwrap the phase in the
image “Phase Image”.

The user is prompted for a starting position which is assigned the phase at
that point. The routine then moves first along each column, trying to pre-
serve continuity in the phase value. Instead of making a jumprfréto -

T+0, the phase will take on the valoed and continue to increase or
decrease when crossing phase jumps.

This command first does the columns and then the rows of the image.

Preferences

When the routines refer to x and y components of either reciprocal lattice
vectorsgq, g», lattice parameteis, b or displacements, there is a choice in
the direction of the y-axis. Normally image display programs refer to x,y
being (0,0) at the top left corner of the image with y increasing downwards,
while many users prefer to think of a right handed coordinate system with y
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Help

Help

increasing up and the z-axis pointing towards the observer. When the pro-
gram refers to the vectogsas they are reported in the Result window of
Digital Micrograph, it uses a right handed coordinate system. However
when images are created to hold values for the components of the displace-
ment, lattice parameters and reciprocal lattice parameters, it is often more
convenient to refer to the y-component in the picture coordinate system.

Thus depending on how the data is used, the choice of coordinate system

can be changed by the user.

Help

# Picture coordinate system

) Right handed coordinate system

When creating images for displacements,
g-vectors and lattice parameters, use:

Cancel] [ 0K ]I

Help Text on Selected Function

Phase Function

This is the beginning step of the procedure. You first need to
calculate the Fourier Transform {FT) and the Power Spectrum
{P3) of the image that you want to analyze. The Fourier Transform
of the image is hidden and all the actual operations take place on
the FT irmage. The PS is calculated using @ Hanning window and is
used for placing the selection which marks which vector g to use
for calculating the corresponding phasefamplitude images. The
only reason for daing this is that the PS image often shows better
contrast than the FT and makes it easier to place the selection.

Hote:
13 The image must be square and the dimenzsions must be powers
of 2.

Qi »

1]

Information

Calculate FT & PS
Calculate phase imagels)
Find local average g-vect...
Add constant phase
Create Moiré image
Use as Phase image #1
Use as Phase image #2
Calculate displacements
Calculate strain
Calculate Local Lattice

MG

Help produces a window which allows you to access the information in this
manual from within the program.
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